Abstract-We propose and validate experimentally a time-to-live (TTL) signaling system for an optical label swapping scheme based on 10-Gb/s differential phase-shift-keying (DPSK) packets and with 100-Mb/s subcarrier multiplexing (SCM) label. The proposed scheme allows fast packet discarding by using a 3-GHz subcarrier tone. DPSK payload has only a 2.4-dB power penalty at 10 9 bit-error rate after superimposing the SCM and TTL labeling signal.
I. INTRODUCTION

D
UE TO THE continuing growth of the Internet and the introduction of high-bit-rate wavelength-division-multiplexing (WDM) connections in metro and backbone networks, the migration toward flexible switching solutions are becoming more apparent. One solution is optical label swapping (OLS), that enables the implementation of packet routing and forwarding functions in Internet-protocol-over-WDM [1] . By using short fixed-length labels, the core nodes of the network forward/switch packets fast and efficiently while keeping the payload data entirely in optical domain. Previous work has been done for label encoding for differential phase-shift-keying (DPSK) signal [2] , [3] . However, our proposed labeling technique combines angles modulation and subcarrier multiplexing (SCM), namely the payload data is encoded in DPSK modulation format and the label information is transported by using SCM techniques. The robustness against chromatic dispersion, polarization-mode dispersion, and cross-phase modulation effects during transmission along optical fibers have been reported previously for this scheme [4] , as well as record-high capacity and link reach optical transmission by using DPSK modulation format [5] , [6] .
OLS also offers the advantage of being protocol transparent, compatible with legacy and emerging network technologies by adopting the generalized multiprotocol label switching (GMPLS) frame work for a unified control plane. One problem faced by burst and packet switched networks is the "routing loops," where misdirected or mislabeled packets are routed in circles without reaching their destination [7] , producing network congestion. To minimize this problem, MPLS and GMPLS [8] , [9] incorporate a "time-to-live"(TTL) field that is decremented by one at each "hop" and when the values reaches zero, the packet is dropped from the network.
We propose and demonstrate experimentally an in-band signaling system by introducing the TTL value state (still-valid packet or discarded packet) in the optical domain, allowing fast recognition of the packet state in the node. If the packet is to be discarded, it will be dropped even before reading the label and so saving time node resources, compared to the broad-band wavelength systems proposed previously [10] . Our technique utilizes the DPSK modulation to convey the payload information. On the other hand, a SCM signal at 1 GHz is used for the label data and a sinusoidal tone at 3 GHz for the TTL state, as shown in Fig. 1 . The label and TTL swapping is performed by using a semiconductor optical amplifier (SOA) as eraser.
II. OPERATION PRINCIPLE OF THE SOA AS OPTICAL LOW-PASS FILTER
The SOA is a suitable candidate for performance the label erasure due to its photonic integrability, low cost, and possibility of use as amplifiers. A rate equation model for an SOA with a carrier density that is uniform along the SOA length was developed in [11] . Afterwards, the equations were simplified in [12] by assuming that the effects of spontaneous emission and residual facet reflectivities are negligible. Gain through the SOA is given by a time-dependent solution which is simply an expo- and the frequency, respectively, of the continuous-wave holding beam light. is the length of the SOAs active region, is the area and the length, respectively, of the SOA, is the SOAs intrinsic losses.
This equation is mathematically verified and experimentally validated in [12] .
Therefore, the gain response of the SOA will be determined by this , being the cutoff frequency as follows:
From (2), we can deduct that varying the power injected to the SOA, the bandpass of the gain can be tuned, obtaining label eraser.
III. EXPERIMENT AND RESULTS
The experimental setup is shown in Fig. 2 . A distributed feedback (DFB) laser source with an integrated electroabsorption modulator (EAM) is used for inserting a radio-frequency (RF) signal at 1 GHz with a pseudorandom binary sequence (PRBS) signal at 100-Mb/s amplitude modulation and the sinusoidal tone at 3 GHz, with 50 mV and 300 mV respectively, onto the optical carrier operating at the 1555.37-nm wavelength. The DFB section is biased at 80 mA while the EAM section is reverse biased at 0.6 V. A LiNbO phase modulator is used to impose DPSK modulation at 10 Gb/s using a PRBS pattern.
The average output power of the phase modulator was 7.4 dBm, with no observed variation of this value if either the label and the TTL signal were present. After extracting the back-to-back performance, the power of the signal was adjusted to 3.5 dBm by varying the bias current of the DFB laser to 90 mA and then it was fed into the SOA. This adjustment was done in order to find the optimal point for gain saturation in the SOA, related to the equations explained at Section II. Fig. 3 shows the RF spectrum of the signal before the SOA and after the erasure process.
We employed a single photodetector receiver for DPSK detection. In Fig. 4 , the eye diagrams of the recovered DPSK signal back-to-back and after the transmission over the SOA module are shown. We can observe that the introduction of the label and the TTL signal [ Fig. 4(a) and (b) ] produces a broadening of the "1" level, but it does not substantially affect the eye opening. After the erasure process, the eye diagram become noisy but it keeps open enough for free error detection. Fig. 5 shows the bit-error-rate (BER) curves obtained for the DPSK unlabeled and after the SOA (including with and without the label and the TTL signal).
The DPSK unlabeled receiver sensitivity was measured to be 26.9 dBm for a BER , and the combined effect of superimposing the label and the TTL signal introduces 2.4-dB penalty in total. For the DPSK signal after the erasure process, the received optical power level yielding a BER of was measured to be 25.5. Therefore, only 1.4-dB penalty was suffered in the SCM and TTL erasure process. This power penalty might be reduced by using a balance receiver configuration and by proper optimization of the modulation index for the SCM and TTL signals to trade off SCM and DPSK performances.
In OLS networks, core nodes perform the functions of label reading and erasure, which we demonstrate in this letter. Label insertion and TTL signaling can be reinserted by using an EAM, similar to the one used in our experiment for label generation. Therefore, this architecture offers the prospect of integration on a photonic circuit. 
IV. CONCLUSION
We have presented an optical labeling switching technique based on the use of DPSK modulation for the high-rate payload data, SCM for the label information, and sinusoidal tone for the TTL signaling. We have experimentally demonstrated its feasibility for 10-Gb/s DPSK 100-Mb/s SCM at 1-GHz label data and presence/no presence of tone at 3 GHz. We have analytically demonstrated the use of an SOA as low bandpass filter. The power penalty due to insertion of superimposed SCM and TTL signals is 2.4 dB. After the SCM and TTL erasure process, a power penalty of 1.4 dB was measured, compared to the back-to-back DPSK performance.
